This article is aimed to provide general and pediatric dentists with the essential knowledge to provide care to children with Down syndrome. The features of Down syndrome, the medical and dental issues which may be present in a child with Down syndrome, and how might these may impact on dental care, will be presented in this article.
I. Introduction
Down syndrome (DS) is a congenital genetic "chromosomal" disorder caused by an error in cell division that results in the presence of an additional third chromosome 21; a triplication of material on chromosome 21. It has also been known as mongolism or Trisomy 21, and it was first described by John Langdon Down, the physician who identified the syndrome in 1866. [1, 2] The etiology is unknown, however, three genetic variations can cause DS. In 95%, DS is caused by an extra chromosome 21 in all cells (trisomy 21) giving them 47 chromosome instead of the normal 46, i.e. three copies of chromosome 21 in every cell in the body. In 3%, material from one chromosome 21 is translocated onto another chromosome (translocation trisomy 21). In 2%, is due to mosaic trisomy 21, when the extra chromosome 21 is present only in some cells (mosaicism), i.e. some cells have 46 chromosomes and other cells have 47. [1, 2] The world overall prevalence is 1 in 800-1000 live births. The prevalence depends on the illegality of abortion in different countries. Incidence increases with increasing maternal age from 35 to 40+ years old. [3] Prenatal diagnosis is possible via amniocentesis, chorionic villus sampling, or percutaneous umbilical blood sampling. Because these tests are invasive, an individualized risk assessment based on maternal age, maternal serum markers (e.g., serum alpha-fetoprotein), and fetal physical markers (e.g., nuchal translucency on ultrasonography) may be done to determine elevated risk and the need for further testing. If not diagnosed prenatally, DS is usually suspected and diagnosed at birth, based on clinical features and cytogenetic studies, respectively. [1, 2] Multidisciplinary treatment depends on the type and level of disability, and commonly involves a team of clinician specialists in cardiology, ophthalmology, orthopedics, neurology, audiology, physical and occupational therapy, speech-language therapy, nutrition, and mental health. [4] Although the life expectancy for people with DS has increased substantially to age 50 and beyond, about one-third of infants with DS die in the first few years of life from cardiac disease. The infectious diseases, particularly from pneumonia and hematological malignancies may also influence the prognosis and reduce life expectancy. [5] 
II. Clinical Presentation and Characteristic Features
Learning disability (100%), is the most frequent genetic cause of mild to moderate learning disability. The most common features among DS patients include short stature, brachycephaly (small head), rounded small face, mid-face hypoplasia with a flat nasal bridge, upward slant of the eyes (slanted palpebral fissures) and epicanthal folds. In addition, the following features are common: [4, 5]  Muscular hypotonia, increased joint flexibility, clinodactyly (short fifth finger), and wide space in-between the 1 st and 2 nd toe (sandal gap).  Small mouth, small ears, excessive skin at the nape of the neck, short neck, obesity and delays in speech and language development.  Simian (single) palmar creases, i.e. the hands of children with DS are stubby with a pronounced transverse palmar crease.  Brushfield's spots in the iris, nasal septum deviation, and small inter-nipple distance.
III. Medical manifestations
Down syndrome affects almost every organ system and can cause a number of cognitive and physical impairments. These problems are presented and categorized as follow: [1, 2, 4, 5] 3.1 Neurological and behavioral alterations:  Neuropsychiatric diseases: Learning disability with wide range of behavior, dementia, memory loss, progressive loss of skills, which impact on personal oral care, and epilepsy.  Psychiatric conditions: Autism, depression, attention deficit hyperactivity disorder (ADHD) and obsessive compulsive disorder.  Premature aging: Alzheimer's type changes in brain and risk of stroke (over the age of 40 years), skin wrinkling, early greying and loss of hair.
Endocrine:
 Hypothyroidism: About 30% of patients and present with facial features like thick lips, puffy eyelids, sad expression, dry hair, and dry/cold skin.  Diabetes mellitus: Increased incidence has been reported in patients with DS who are between the ages of 24 and 34 years. [6] 3.3 Sensory deficits:  Hearing loss: About 75-90% in at least one ear. Short Eustachian tubes, chronic media otitis with effusion and conductive hearing loss, which interferes with their language acquisition are some of the ear-associated complications.
[7]  Visual defects: Blindness is affecting about 8%, and cataracts occur in approximately 3% of children with DS but can be surgically removed.
Esophageal (Gastric) dysfunctions:
 Gastroesophageal reflux and vomiting are frequent findings in DS.  Coeliac disease is a finding in 5-7% of DS patients. 
Cardiovascular abnormalities:
Fifty percent of DS patients have cardiac disorders associated with early onset of pulmonary hypertension. Congenital heart disease (CHD) is common and the most common defects are: Atrioventricular septal defect (39%), atrial septal defect (29-42%), patent ductus arteriosus (17%), ventricular septal defect (14-43%) and tetralogy of Fallot (6%). CHD is the primary cause of early mortality in patients with DS. [10, 11] 3.7 Musculoskeletal abnormalities:  Spinal problems: Atlantoaxial instability (i.e. congenital increased hyperflexibility of the transverse ligaments of the cervical vertebrae affecting the two bones at the top of the spinal cord C1 and C2) can cause spinal cord compression if the neck is not handled considerately. Also, increased susceptibility to transient myelodysplasia or defective development of the spinal cord. [7]  Generalized Muscle hypotonia.
Hematological abnormalities:
DS patients are 10-15 times more likely than others to develop leukemia (myeloid type), acute lymphoblastic leukemia, with increased risk in children younger than 5 years. Also, transient neonatal leukemia known as transient abnormal myelopoiesis (10%) and iron deficiency (10%).
Immunological abnormalities:
Multiple immunological defects (IgA and T lymphocyte function defects) may lead to skin infection (atopic dermatitis), chronic upper respiratory tract infections, pneumonia, gastrointestinal tract infections and infective hepatitis B virus infection.
Sexual development:
Onset of puberty is similar to that of other adolescents. Females with DS are able to have children but males often have a diminished capacity to reproduce (sterile) because of underdeveloped genitalia. [12] [20]  The palate often appears to be short, high vaulted and narrow. Additionally, increase incidence of bifid uvula, cleft lip and cleft palate.
[13]  Delayed tooth formation and eruption, can be 2-3 years behind a child's normal eruption pattern. The primary dentition may begin to appear only after 9 months and may take 5 years to complete with delay in exfoliation and affected sequence of eruption.
[21]  Hypodontia; congenitally missing teeth, and high incidence of impacted cuspids and bicuspids. [ there is no difference in risk compared with the general population. Some reports concluded that DS population are with higher caries prevalence, [27, 28] while others concluded that there is no difference in caries prevalence compared to healthy groups. [29] [30] [31] [32] [33] However, most investigators have found a lower prevalence of caries in DS patients in both dentitions. [34] [35] [36] [37] [38] This low caries incidence in children with DS is in spite of the presence of increased risk factors for caries such as cariogenic diet, decreased salivary flow rate, [34, 39, 40] mouth breathing, imbalanced occlusal forces and poor access to oral hygiene. [37] Caries risk assessment is likely to be obtained by evaluation factors such as a high sugar or acidic diet, frequency of snacking, low social status, appropriate oral health and past dental history. [37] The precise cause of the lower caries prevalence is still unclear. The proposed reasons are as follow: a) Dental anomalies: Delayed eruption, microdontia and spaced teeth due to hypodontia will reduce caries risk. [41] However if there are other risk factors as an increased sugar consumption , poor oral hygiene mouth breathing dry mouth , risk may be equivalent to or higher than that of other children. b) Salivary pH and buffering capacity: Conflicting results as some studies showed higher values, while others showed no difference, and others showed lower values. [34, 37, 38 ,40] c) High salivary IgA concentration "immune protection", and high salivary bicarbonate and minerals. [37] d) Associated with the parent's greater concern about oral health care in DS. [38] e) The mechanism of remineralization process may be different and Magnesium may be one of the factors affecting enamel remineralization.
[42]  Tooth wear, attrition due to bruxism, and erosion due to gastric reflux and vomiting are more frequent among DS patients. Whilst bruxism has been reported as more common in children with DS, [7] the findings are controversy as bruxism has been reported as no more common in children with DS than in those without it. [14, 43] 
V. Dental Management
 Risk assessment: In general, it is mandatory to check patient's medical and dental history and to do comprehensive assessment. Infection control and aggressive elimination of any dental infection are important. Also, assessment regarding drug using for cardiac defect (e.g. platelet aggregation inhibitors) and make sure that the patient receives proper medical care. Consultation with the patient's health care provider is recommended prior to commencing dental treatment. The antibiotic prophylaxis against infective endocarditis is not recommended for people undergoing dental procedures. [44] [45] [46]  Cooperation: Children with DS have learning disability but exhibit a wide range of behavior in the dental setting, including cooperation, compliance, mild to moderate anxiety, phobia and complete lack of cooperation. For many patients, it is possible to carry out simple restorative treatment and preventive measures using standard behavioral management techniques such as tell-show-do, positive reinforcement, modelling, distraction and both verbal and nonverbal communication. Also, it is recommended to keep the appointment short and focusing on a specific treatment. [41, 45, 46]  Parents and caregivers oral health education: Motor functions are usually delayed in younger persons with DS, but coordination improves with age. Therefore, good oral hygiene may need to be responsibility of the primary caregiver until the individual can develop the necessary coordination to become selfsufficient. [47]  Local Anesthesia: Most of DS patients can be treated under local anesthesia with aware of patient positioning to avoid neck hyperextension. [45]  Conscious sedation: Can be very useful to reduce anxiety, although careful assessment of respiratory function and infection is important. There may be complications of airway management due to short neck, large tongue obstructed nasal passage and sleep apnea. [4]  General anesthesia: This is to be at hospital by a specialist. Difficulties include cardiac defect, respiratory disease, difficulty in intubation, anemia, atlantoaxial (care during manipulation of the patient's neck and precaution to avoid hyperextension and direct pressure on the neck during intubation and extubation) and hepatitis B carriage. [7]  Preventive approach: It is recommended to do professional cleaning, diet counselling, oral hygiene and motivation. Additionally, to ensure that medications given are sugar free. For the prevention of periodontal disease, it is recommended to control plaque and use a tooth paste containing Triclosan with either a copolymer or zinc citrate chlorhexidine mouthwash. [47] Frequent and regular recalls and maintenance visits are mandatory.
 Patients with bronchitis or asthma, the bronchodilating inhalers are recommended to be available. [5]  Dental treatment modification: a) Assessment of the periodontal status; periodontal treatment is a priority. b) Orthodontic consultation: the prognosis is often poor because of learning disability, parafunctional habits and severe periodontal disease. However, an early palatal widening with removable appliance may be useful in selected patients. Also, removable orofacial stimulation plates (e.g. Castillo-Morales) have been recommended in young children to improve orofacial muscular tone and tongue position. [7, 18] 
